Eighty-nine Staphylococcus aureus strains were grouped according to their susceptibility or resistance to methicillin and oxacillin. The role of I-lactamase in borderline methicillin resistance was confirmed by tests with f-lactamase inhibitors, particularly when salt-supplemented medium was used. A penicillin-binding protein assay indicated that borderline methicillin-resistant S. aureus strains do not produce PBP 2a.
P-lactamase which partially hydrolyze methicillin or related penicillins (6, 10) . These borderline methicillin-resistant S. aureus isolates are neither intrinsically resistant nor heteroresistant.
In this study we have examined 89 S. aureus strains, all freshly isolated from clinical material and identified by customary laboratory tests (14) , displaying various levels of susceptibility or resistance to penicillinase-resistant penicillins. Of these isolates, 74 were found to be 3-lactamase producers by the nitrocefin test (9) . In consideration of previous findings (13) , experiments aimed at investigating the effects of NaCl on strain distribution by susceptibility to methicillin and oxacillin and response to 3-lactamase inhibitors were performed. Special attention was paid to borderline resistant strains, and membrane preparations of some of these organisms were assayed for PBPs.
Susceptibilities to methicillin and oxacillin were determined by standard disk diffusion (7) and agar dilution (15) tests. In both trials, Mueller-Hinton agar (MHA) (Difco Laboratories, Detroit, Mich.) both unsupplemented and supplemented with 5% NaCl was used. The results of disk susceptibility tests, performed with commercial disks of methicillin (5 ,ug) and oxacillin (1 ,ug) , are summarized in Table 1 .
The strains were grouped as methicillin resistant, borderline resistant, and methicillin susceptible on the basis of the methicillin and oxacillin MICs and according to the scheme adopted by McDougal and Thomsberry (6) . In agreement with the latter, we considered as borderline methicillin resistant those strains which had methicillin MICs of 4 ,ug/ml and oxacillin MICs of 2 ,ug/ml or less (in particular, those * Corresponding author.
having oxacillin MICs of 1 ,ug/ml or less were categorized as partial borderline). Moreover, within methicillin-resistant strains, highly resistant organisms (i.e., those having both methicillin and oxacitlin MICs of 16 ,ug/ml or more) were considered separately. The strain distribution varied considerably depending on the absence or presence of 5% NaCl in the test medium, particularly in the 74 P-lactamase-positive strains. Among these organisms, high-level methicillin resistance proved to be virtually unaffected by the addition of salt, the same 33 strains being assigned to this group under both conditions. In contrast, of the 38 strains behaving as methicillin susceptible in the unsupplemented medium, most (27 strains) shifted to the borderline (especially partial borderline) group, with a few (4 strains) even shifting to the methicillin-resistant group (although not at a high level), when tested in the presence of 5% NaCl. It is worth noting that the strains behaving as borderline resistant in the salt-supplemented medium appeared to be homogeneously resistant, as established by determining their plating efficiency on agar plates with and without methicillin (1, 5) .
The effects of two ,B-lactamase inhibitors (clavulanic acid and sulbactam) on the methicillin, oxacillin, and penicillin G MICs for the 89 S. aureus strains were tested. All tests were performed in parallel in unsupplemented and salt-supplemented media, using each inhibitor at a fixed concentration (5 ,ug/ml for clavulanic acid and 20 1Lg/ml for sulbactam) determined by preliminary trials. The data were expressed as the geometric means of the MICs of each antibiotic within each of the groups established from the levels of susceptibility to methicillin as described above. Virtually no effects were observed with either clavulanic acid or sulbactam when 3-lactamase-negative strains were examined (data not shown). With ,B-lactamase-positive strains (Table 2) , the penicillin G MICs were markedly reduced by both P-lactamase inhibitors in all categories, in both the absence and presence of NaCl. On the contrary, methicillin and oxacillin MICs were unaffected by the ,B-lactamase inhibitors in highly methicillin-resistant strains; small effects were noted in methicillin-susceptible strains, whereas larger reductions were generally obtained in borderline strains. This latter effect was more evident when using the salt-supplemented medium.
The fact that the addition of extra salt to the test medium facilitated the detection of borderline resistant S. aureus isolates appears somewhat paradoxical. In fact, an increased salt concentration is generally regarded as favoring the expression of methicillin resistance in heterogeneous staphylococcal populations, possibly through an increased synthesis of the low-affinity PBP (3) or through a protective effect for the'susceptible subpopulation (1). In contrast, borderline strains are not heteroresistant, as reported previously (6) and documented, in particular,'with our strains. PBPs were analyzed in five of the S. aureus strains examined essentially by the procedure described elsewhere (11) . The five isolates tested were all ,3-lactamase positive and included one highly methicillin-resistant,' one methicillin-susceptible, and three borderline strains. S. aureus 27r (a well-defined producer of PBP 2a) was also tested as a control. PBP 2a was shown only by strain 27r and the highly methicillin-resistant isolate in both direct assays and competition experiments that were carried out by pretreating membranes with'10 ,ug of nafcillin per ml for 10 min to saturate all PBPs except PBP 2a (1, 2) (Fig. 1) . Neither the methicillin-susceptible isolate nor the three borderline strains showed' this protein'whatever the conditions, even when the membranes were prepared from cells induced with subinhibitory concentrations of methicillin. In the latter experiments, though, growth in the presence of methicillin induced P-lactamase, so that the fluorograms were impaired   FIG. 1. Direct assays (lanes a) and competition assays (lanes b)  for [3H] penicillin G-radiolabeled PBPs in membrane preparations from cells of six S. aureus strains: 1, control strain 27r (highly methicillin-resistant, well-defined producer of PBP 2a); 2, strain a99 (highly methicillin resistant); 3, strain a32 (borderline); 4, strain a36 (borderline); 5, strain a53 (partial borderline); 6, strain a41 (methicillin susceptible). The competition procedure consisted of a 10-min preincubation of membrane preparations with 10 ,ug of nafcillin per ml and then the addition of [3H]penicillin G.
by the partial hydrolysis of radiolabeled penicillin G at the time of binding. However, in Coomassie-stained membrane protein patterns of the three borderline strains, no component which moved to the same position as that of PBP 2a or increased in the presence of subinhibitory concentrations of methicillin was detected (S. aureus R2, which is known to produce methicillin-inducible PBP 2a [8] , was tested as a positive control) (Fig. 2) .
The fact that borderline methicillin-resistant S. aureus strains do not produce PBP 2a, which is regarded as the biochemical correlate of intrinsic staphylococcal resistance to methicillin (3, 4, 8, 12) , confirms that these strains are distinct from intrinsically methicillin-resistant S. aureus strains. This implies that, in borderline (extrinsically) methicillin-resistant strains, the resistance trait does not involve that variety of actual or potential characteristics (such as heteroresistance or multiple resistance) which is conventionally associated with the concept of methicillin resistance. Even more important from a practical point of view is that there is no apparent reason for extrinsically methicillin- resistant S. aureus to be subject to the current practice of reporting methicillin-resistant staphylococci as resistant to the other f-lactams, even if active in vitro. In perspective, diagnostic laboratories should be up to the task of recognizing extrinsically methicillin-resistant S. aureus strains and indicating their distinct conditions on the laboratory report.
